Current recommendations for nutritional interventions in basketball are largely extrapolated 2 from laboratory-based studies that are not sport-specific. We therefore adapted and validated 3 a basketball simulation test relative to competitive basketball games using well-trained 4 basketball players (n=10), then employed this test to evaluate the effects of two common pre-5 exercise nutritional interventions on basketball-specific physical and skilled performance. 6
INTRODUCTION

26
Basketball is a team sport involving intermittent periods of sprinting, jogging and 27 walking that act as vehicles for players to gain optimum positions on court from which to 28 exercise a wide range of motor skills. This varied combination of physiological and technical 29 demands presents an opportunity to enhance performance via a variety of training strategies 30 and nutritional interventions. Whilst relevant and specific physical training certainly presents 31 the greatest potential to enhance overall basketball performance, additional performance 32 benefits may be possible via nutritional interventions prior to competition. 33
34
Much of what is known about the limitations to physical performance comes from 35 laboratory-based trials involving continuous, often steady-state exercise on a treadmill or 36 cycle ergometer. Consequently, there is a relative lack of information available regarding the 37 efficacy of interventions for intermittent sports such as basketball (Bangsbo et al. 2006 ). The 38 emergence of intermittent exercise protocols has therefore been invaluable in establishing 39 whether conclusions drawn from steady-state exercise can be confidently generalised to 40 intermittent sports (Welsh et al. 2002; Winnick et al. 2005 ). An example of one such protocol 41 is the Loughborough Intermittent Shuttle Test (LIST), which provides a credible simulation 42 of the demands of soccer (Nicholas et al. 2000) . Importantly, no equivalent protocol has been 43 validated relative to basketball, so the effects of many purportedly ergogenic aids on 44 basketball-specific performance remain to be established (e.g. carbohydrate and bicarbonate). pre-exercise sodium bicarbonate ingestion may be a useful supplement for intermittent team 67 sports but this hypothesis is yet to be empirically supported. 68
69
We sought to investigate repeated sprint and skilled performance in response to pre-70 exercise carbohydrate or sodium bicarbonate ingestion, each relative to appropriate placebos. 71
In order to do so, we first validated a novel basketball simulation test, before demonstrating 72 its sensitivity to detect meaningful changes in performance when applied to evaluate these 73 common pre-exercise nutritional interventions. It was hypothesised that pre-exercise 74 carbohydrate ingestion would result in initial hypoglycaemia and thus impaired physical andskilled performance early in exercise, whereas sodium bicarbonate ingestion would enhance 76 these measures of basketball performance. 77
78
MATERIALS AND METHODS
79
Participants and Experimental Design 80
A cohort of 27 well-trained male basketball players took part in the experimental 81 design illustrated in Figure 1 
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Experimental Procedures (Studies A & B) 151
All participants completed the same pre-trial procedures/diet as described above, 152 except that participants arrived in an overnight fasted state at 0900 h ( 1 h) and those in 153 The exercise test validated above was applied with a 'lay-up' shot incorporated 175 directly into the sprint cycles of Studies A & B. A lay-up is a whole-body motor skill 176 fundamental to basketball, in which a basketball is shot at close range whilst running towards 177 the hoop, thus combining effective timing, footwork, and hand-eye coordination. Critically, 178 this is a skill which players of any competitive standard should be capable of producing a 179 consistently successful outcome at baseline (i.e. at least 90% success rate), thus providing the 180 opportunity to track the onset of fatigue and potential treatment effects within the context of a 181 demanding exercise protocol. 182
183
These lay-ups were simply incorporated into the Loughborough Intermittent Shuttle 184
Test by including pre-recorded verbal instructions between the audible beeps that dictate 185 individualised pace to each participant during the exercise protocol. Specifically, the 186 instruction "sprint in 3, 2, 1" which precedes a beep marking the start of a sprint was almost 187
immediately followed by the instruction "score in 3, 2, 1" followed by another beep 4. 
RESULTS
266
Validation of Basketball Simulation Test 267
Heart rate responses to the basketball simulation test showed good agreement with the 268 averaged responses across the two games. Table 1 presents data for each quarter and confirms 269 that absolute heart rates were typically maintained within 4 beats·min -1 between conditions. 270
There was therefore no significant difference in the overall mean heart rate between games 271 and simulation (P=0.1) and a strong positive correlation in heart rate responses across allratings of perceived exertion (P=0.1) or pedometer step counts (P=0.3) between games and 274 the basketball simulation, these respective variables did not correlate at all across participants 275 (r=0.1, P=0.9 & r=0.3, P=0.4). The lack of relationship between these variables was due to a 276 relatively homogenous response to the individually prescribed intensity during basketball 277 simulation, relative to relatively greater inter-individual variability during actual games. 278
Similarly, there was no correlation between games and simulation in sweat rates derived from 279 body mass losses (r=0.3, P=0.4) and a tendency was apparent for greater sweat losses during 280 the basketball simulation test (-2.30.4 l) than the average of the two games (-2.00.3 l, 281
P=0.06).
Although no data are available for the basketball simulation, sweat electrolytes were 282 measured during game situation and revealed absolute sodium losses of 12122 mol and 283 potassium losses of 113 mol (relative losses in Table 1) . 284
285
Study A 286
Ingestion of carbohydrate prior to exercise produced a poorer overall lay-up 287 performance than ingestion of the placebo (F=6.2, P=0.03; Figure 3A ). While there was no 288 time effect considered across both treatments (F=2.3, P=0.1), the treatmentxtime interaction 289 approached statistical significance (F=2.7, P=0.067) and the pre-planned contrast during the 290 early hypoglycaemic period revealed that the overall treatment effect was predominantly due 291 to impaired skill performance during the first exercise block (P=0.004). Figure 4A test incorporated directly into the sprint cycles of the exercise protocol revealed both repeated 332 sprint and skill performance to be impaired during the early stages of exercise by pre-exercise 333 carbohydrate ingestion but unaffected by pre-exercise sodium bicarbonate ingestion. 334
However, both these nutritional interventions offset fatigue in that sprinting ability was 335 maintained during the latter stages of exercise, although this did not translate into improved 336 skill performance. 337 338 To our knowledge, no previous study has examined the effect of carbohydrate 339 ingestion within the hour prior to exercise involving skilled performance. Consistent with the 340 'rebound' hypoglycaemia described by Foster et al. (1979) , the carbohydrate ingested shortly 341 before exercise in the current study did indeed produce a transient period of reduced blood 342 glucose availability. This is most likely a consequence of decreased hepatic glucose output 343 combined with high rates of both insulin-and contraction-mediated glucose uptake into 344 skeletal muscle. Previous literature has reported blood glucose concentrations below fasted 345 levels to result in more erratic motor control of movement during exercise (Brooke et al. game. It is interesting that this effect did not translate into a difference in skilled 388 performance, although the large standard deviation for the placebo group during the fourth 389 quarter (Fig. 2B) reflects the fact that not all participants' performance had begun to 390 deteriorate by that stage, so there was not yet any fatigue to postpone. While it might 391 therefore be speculated that sodium bicarbonate would have improved lay-up shooting 392 performance had the protocol been of increased relative intensity or duration, the validation 393 data also reported here attest that those conclusions would not then apply to basketball. 394
395
One practical issue to consider when evaluating sodium bicarbonate supplementation 396 is the potential for adverse gastrointestinal side-effects. As noted, all participants in the 397 present study experienced some degree of gastrointestinal disturbance associated with sodiumbicarbonate ingestion and, understandably given that dosing was relative to body mass, these 399 symptoms were most notable amongst larger participants. This issue is highly relevant to how 400 the present results may be generalised across various athletic populations. Specifically, while 401 the present cohort were well trained and highly skilled basketball players, the single factor 402 that best distinguishes this cohort from those at the very highest level is an average height 15-403 20 cm shorter and mass 15-20 kg lower than an average NBA player (~2.0 m and ~100 kg). It 404 is therefore doubtful that many players at the most elite level could attain the ergogenic 405 benefits reported here without these being outweighed by severe gastrointestinal distress. 406
407
Although not a primary focus of this work, an interesting result arising from the 408 monitored basketball game per se was the sweat electrolyte losses, which we believe is the 409 first report of this variable during competitive basketball. Notably, salt losses (NaCl) of 7. In conclusion, the basketball simulation test described here provides a valid reflection 416 of the absolute physiological demands of competitive basketball and also a sufficiently 417 sensitive measure of small but worthwhile changes in both physical and skilled performance. 418
Within the context of this design, ingestion of carbohydrate and/or sodium bicarbonate 419 shortly before basketball has the potential to offset fatigue and thus improve aspects of 420 performance late in exercise, although both supplements require balanced consideration of 421 individual tolerance prior to competition to minimise acute negative side-effects. 422 
